INTRODUCTION
A high rate of decomposition and high total microarthropod abundance are characteristic of older, least disturbed ecosystems (Reynolds et al., 2007) . Soil disturbance has a major effect on another critical ecosystem factor -the abundance of litter microarthropods. Peatlands might represent such an undisturbed habitat. Peatlands form in the areas of poor drainage where both mineral soil and lower peat layers are in constant waterlogged condition (Finnamore, 1987) . Peatlands are divided into two main types, fens and bogs, which can be characterised by vegetation and pH. An alkaline fen is a peat-covered area fed by mineral-rich waters, in which sedges and brown mosses usually dominate, and pH is alkaline. This type of fens is called a rich fen, and they are rich in species (Hajek et al., 2006) . Fens are an important and unique wetland type. Species of fauna and flora are unique in alkaline fens and many are protected in Europe (Stanova et al., 2008) .
A high ground water level is one of the most important aspects that sustains alkaline fens and influences species composition of plants and animals. Calcium levels may be high when mineral bedrock is close to the fen surface or a continuous supply of calcium-rich groundwater is present (Tabaka, 1960; Pakalne, 2008) . Alkaline fens are semi-aquatic habitats with plant species like Cladium mariscus, Carex dawalliana, C. elata, C. lasiocarpa, Schoenus ferrugineus, Phragmites australis, and mosses Calliergonella cuspidata and Scorpidium scorpidiodes. Saw-Sedge C. mariscus is an aggressive plant and may form monodominant vegetation cover, thus outcompeting other plant species, including Brown Bog Rush Schoenus ferrugineus. We hypothesise that soil invertebrates might between these two plant communities.
Mesostigmata mites have been investigated in peat bogs in Europe (Silvan et al., 2000; Skorupski et al., 2008) and also in some semi-aquatic habitats (Kaluþ, 1997; Reynolds et al., 2007) . These mites are abundant and a diverse group of microarthropods in the soil, albeit data on them in fens are scarce, and only few investigations have been performed so far (Gwiazdowicz and Gulvik, 2007; Marquardt and Kaczmarek, 2009) . Recently also Oribatida mites were investigated in Apðuciems fen (Kagainis and Spungis, 2011) .
The Mesostigmata mite fauna has been investigated in Latvia since the 19 th century (Grube, 1859) and faunistic and ecological data recently have been summarised (Salmane, 2001; 2011; Salmane and Brumelis, 2010) . However, no investigations of alkaline fen inhabiting species have been performed up to now. The aim of the current investigation was to describe Mesostigmata mite assemblages in Apðu-ciems alkaline fen and determine effects of vegetation and soil factors.
MATERIAL AND METHODS
Apðuciems fen is situated in the Engure municipality, Latvia (central coordinates 57°05'29", 23°31'69") ( Fig. 1 ).
PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 69 (2015) Soil samples were collected in the centre of every sample plot using a soil borer (sample area 0.01 m 2 ) at 5-cm depth.
Mites were extracted on modified Berlese funnels (Dunger et al., 1997) during a seven-day period and 25 W light bulbs were used. Specimens were sorted and mounted in modified Berlese media (Upton, 1993) . Species were identified using keys (Bregetova, 1977; Karg, 1993; Maðan, 2001; Kaluþ and Fenda, 2005) . The material is deposited in the Institute of Biology, University of Latvia.
The Braun-Blanquet method (Braun-Blanquet, 1964 ) was used to describe vegetation cover in each sample plot on July, 2009. Cover of plant species was expressed in classes. Soil moisture was evaluated by the presence/absence of free water on the fen's surface. Spring samples were saturated with water, while autumn samples were moderately wet.
The dominance classes of mites were calculated in accordance with the Engelmann (1978) classification. MS Excel was used to visualise results. Gamasina and Uropodina mites were treated separately. Detrended Correspondence Analysis (DCA; PC-ORD 5 programme package) was used to determine vegetation gradients and to characterise mite assemblages and factors influencing them (mite and plant species represented in samples only by one individual were omitted in the analysis). Shannon-Wiener index were determined for mites and plants in sample plots. The numbers of males, females and deutonymphs in every sample were merged.
RESULTS
Abundance and species diversity of the Mesostigmata mites was significantly higher in autumn samples than in spring (Table 1) . Therefore, only autumn samples were used for further statistical analysis. Two Gamasina species, Pergamasus vagabundus and Prozercon kochi, dominated at both sampling times. Females, males and deutonymphs of Pergamasus vagabundus were represented in proportions 22, 11 and 67% of the population in May and 42, 16 and 42% in September. In Prozercon kochi, females dominated over males (91.9% and 71.29%, respectively).
The cover of vascular plants significantly differed between the two groups of sample plots, while the moss cover and pH were similar ( DCA ordination results of the vegetation data are shown in Fig. 2 . The plots were divided into two definite groups. Axis 1 clearly showed changes in the vegetation cover: from plots dominating by Cladium mariscus (to the right) to plots dominating by Schoenus ferrugineus (to the left). Axis 2 could not be explained.
Distribution of Gamasina mites along the transect was similar in both sampling dates ( Fig. 3) showing a preference to the ecotone -border between two plant associations. Schoenus ferrugineus was dominant in the sample plots P1-P15, while Cladium mariscus -in the sample plots P16-P30.
Uropodina were analysed separately. These mites also showed preference to the ecotone (Fig. 4) . Schoenus ferrugineus was dominant in the sample plots P1-P15, while Cladium mariscus -in the sample plots P16-P30.
DCA ordination of Mesostigmata data showed that plots did not cluster in the same groups as vegetation data (Fig. 5) . Plant species diversity was not related to mite species diversity; the Spearman correlation between the Shannon-Wiener index of mites and plants in the samples was insignificant (r = 0.103, p > 0.05, n = 30).
DISCUSSION
Obviously, it was not expected to find high Mesostigmata mite diversity in the alkaline fen, which irregularly floods T a b l e 2
MEAN DOMINANCE CLASSES (ACCORDING TO BRAUN-BLANQUET) OF PLANT SPECIES AND MEAN PH IN TWO GROUPS OF SAMPLE PLOTS IN THE APÐUCIEMS FEN IN 2009
Plant Schoenus ferrugineus was dominant in sample plots P1-P15, while Cladium mariscus -in sample plots P16-P30 Table 2 . Table 1 , for abbreviations of plant species see Table 2 .
with ground and precipitation water. Twenty-four Gamasina species of eight families and one Uropodina species Uroobovella minima and three undetermined Uropodina species were recorded in the Apðuciems fen. This is the first investigation of Mesostigmata in the alkaline fens in Latvia.
The number of species more or less corresponds to those observed in similar habitats in Finland (Huhta et al., 2010) : 32 species in an open bog and 26 species in wetland habitats. One Uropodina species Uroobovella pulcehella (inhabiting a poor fen was recorded in Norway (Gwiazdowicz and Gulvik, 2007) . Uropodina mites were surveyed in total, with the exception of U. minima in the current research. Twenty-nine Mesostigmata species were recorded in low and raised bogs in Lithuania (Eitmanaviciute, 2003) , of seven species were found in the Apðuciems alkaline fen in Latvia: Veigaia transisalae, V. cervus, Pergamasus brevicornis, P. misellus, Cheiroseius serratus, Ololaelaps placentula and Prozercon kochi. The species Hypoaspis vacua was recorded in peatbogs in Poland (Bloszyk and Halliday, 1996) .
Mesostigmata fauna has been investigated in eight raised bogs of Latvia, where 29 species of nine families were found (Lapina, 1988) .
Four of six species of the family Veigaiaidae registered in Latvia so far (Salmane, 2011) were recorded in the Apðuciems fen (Table 1) . Mites of the genus Veigaia (Veigaiaidae) are known to inhabit the Holarctic region (Blaszak et al., 2006) . V. nemorensis is the most widely distributed in various habitats among species of the genus (Bregetova, 1977; Karg, 1993; Blaszak et al., 2006) . It is also the most abundant and ubiquitous species among soil inhabiting Mesostigmata mites in Latvia (Salmane, 2001; 2011) . V. nemorensis was found in relatively low density in the Apðuciems alkaline fen (Table 1) . It was recorded as a subdominant in raised bogs of Latvia (Lapina, 1988) . V. transisalae prefers wet to moist habitats in Europe (Bregetova, 1977; Karg, 1993; Blaszak et al., 2006) and previously was recorded in Latvia in bogs and other wet habitats near lakes and rivers (Salmane, unpublished data) . V. kochi is distributed in the Palaearctic region and has been recorded in a wide range of habitats (Bregetova, 1977; Karg, 1993; Blaszak et al., 2006) . This is a common, but not abundant species in Latvia, and has been found in forests, grasslands, dunes and bogs (Lapina, 1988; Salmane, 2011) . In the current investigation it was the only species that was more abundant in spring samples (Table 1) . V. cervus is a common species through the Holarctic region, preferring wet to moist habitats (Bregetova, 1977; Karg, 1993; Blaszak et al., 2006) . It was observed to be a subrecedent species in raised bogs of Latvia (Lapina, 1988) . Generally, this species was not numerous in the Apðuciems fen and was more abundant in autumn.
Six species of the family Parasitidae were found in the Apðuciems fen (Table 1) . Pergamasus vagabundus was recorded as a second dominant species in the current investigation, while it was described as a subrecedent in raised bogs in Latvia (Lapina, 1988) . This species is known from the wide variety of habitats in the Palaearctic region, preferring wet habitats, but also found in dry habitats (Bregetova, 1977; Karg, 1993) . P. vagabundus has been recorded in various habitats and is a ubiquitous species in Latvia (Salmane and Brumelis, 2010) . The other four Pergamasus species and Holoparasitus excipuliger are inhabitants of various habitats, often preferring wet sites in Europe (Micherdzinski, 1969; Karg, 1993) . These species are recedents or subrecedents in raised bogs in Latvia (Lapiòa, 1988) .
Neojordensia sinuata of the family Aceosejidae is known from the rhizosphere and mosses in Europe (Karg, 1993; Gwiazdowicz, 2007) . Only two specimens were found in our investigation. The species of Aceosejidae, including genus Cheiroseius, were mentioned by Lapiòa (1988) as rare in raised bogs of Latvia. In the current investigation, four relatively abundant species were recorded (Table 1) . Cheiroseius dungeri and Ch. bryophilus are new to the fauna of Latvia (Salmane, 2009) . They inhabit soil and wet mosses, and litter in Europe and are considered rare in Slovakia (Karg, 1993; Kalúþ and Fenda, 2005; Fenda and Kalúz, 2009 ). Lapina (1988) did not record the genus Cheiroseius in raised bogs of Latvia.
Population density of Gamasina mites ranged from 520 to 2140 ind./m 2 . The mite density depended on soil moisture and season. The fen was wet; open water occurred in spring, while it was relatively dry in the autumn. Due to this, the population density was significantly lower in spring, compared to autumn. Similar observations were made in a study of a peatland drainage area in Finland (Silvan et al., 2000) . Changes in the density are related also to the Mesostigmata mite life cycle, as the highest abundance occurs in autumn (Kaluþ, 1997; Salmane, 2000; Silvan et al., 2000; Laiho et al., 2001 ).
The dominant species P. kochi has a wide range of distribution with high ecological plasticity (Bregetova, 1977; Maðan and Fenda 2004) . It has been recorded from Central Europe, West Russia and Scandinavia. This species is characterised as a hygrophilous euedaphic detritocole occurring in litter, mosses, rotting wood and the plant rhizophere. P. kochi was found in several raised bogs in previous studies in Latvia (Lapina, 1988; Salmane and Brumelis, 2010; Salmane, 2011) . It prefers dryer microhabitats dominated by Schoenus ferrugineus, which forms hummocks, thus hypothetically providing dryer environmental conditions in the Apðuciems fen.
An effect of vascular plant cover on distribution and abundance of Mesostigmata mites in Apðuciems fen was not clear. Plant communities dominated by Cladium mariscus or Schoenus ferrugineus formed specific and differing Mesostigmata mite communities. Obviously, in the existing specific soil conditions the presence of open water in Cladium mariscus growth is more important limiting factor for mites than plant species diversity.
It was expected that mosses might influence mite distribution by providing different microhabitats, but this was not observed. Soil pH did not have much variability, and therefore, it was not possible to evaluate its effect on the distribution of mites. Soil moisture in the upper layer of soil differed, as became dryer in autumn. Experimental observations (Huhta and Hänninen, 2001) showed that moisture regime did not influence significantly neither species richness nor diversity, while at least Veigaia nemorensis prefered constant moisture. That might be explained by the low abundance of this usually common species. Karg (1993) and Salmane (unpublished data) recorded Pergamasus vagabundus from bogs and wet substrates. This species is ubiquitous and occurs in various habitats, especially in various forests (Lapina, 1988) , but also is found in meadows, agricultural soils and other habitats in Europe (Karg, 1993; Salmane, 2011) . The species was found also in mosses (Karg, 1993; Gwiazdowicz, 2010; Salmane (unpublished data) ). P. vagabundus, in contrast to Prozercon kochi, preferred wetter habitat.
We investigated Mesostigmata only two times per year. Thus, the results of the present research can be regarded as preliminary. In the future, study of distribution of mite assemblages in habitats and particularly microhabitats of fens should be continued.
